Larsen syndrome is a rare congenital connective tissue disorder which is characterized by multiple dislocations of major joints, typical facial appearance, cervical spine narrowing and instability and respiratory difficulties secondary to laryngotracheomalacia. A case of general anaesthesia for laparoscopic hernia repair in a male child aged 16 months with this syndrome is presented. Anaesthesia was well tolerated though intubation proved difficult. Cervical spine instability and postoperative respiratory complications are potential problems.
Larsen (or Larsen's) syndrome, first described in 1950, is a rare condition caused by a generalized embryonic connective tissue disorder 1, 2 . A range of chromosomal abnormalities have been described in association with the Larsen syndrome phenotype, which has a widely varying severity and presentation. It has an incidence of 1 in 100,000 and is inherited as an autosomal dominant or recessive trait, though spontaneous mutations can occur 3 . The syndrome is characterized by multiple dislocations of the major joints (knees, hips and elbows), deformities of the feet and hands, abnormal segmentation of the spine and an unusual facial appearance which includes a flat nasal bridge, wide-spaced eyes (hypertelorism), and a prominent forehead. Airway problems, caused by the lack of rigidity of the upper airway (laryngotracheomalacia), may also be encountered [4] [5] [6] [7] . The syndrome has a very heterogenous clinical presentation with a varying degree of disability. Other congenital abnormalities may also coexist. Larsen and coworkers referred to two cases of cleft palate and spinal segment abnormality 1 . More recently heart defects, both congenital and aquired, have been reported [7] [8] [9] .
Patients with Larsen syndrome often requires lifelong orthopaedic treatment for their joint abnormalities, necessitating multiple operations and anaesthetics. They also present the anaesthetist with a number of potentially difficult management problems. Information on anaesthesia issues relating to the condition is limited, with only three published reports in the anaesthetic literature 7, 10, 11 , of which one deals with intensive care issues and another deals with epidural anaesthesia in an obstetric patient. In this case report, we present and review the anaesthetic management of a 16-month-old boy with Larsen syndrome who required elective laparoscopic surgery.
CASE REPORT
A 16-month-old boy with Larsen syndrome was scheduled for laparascopic repair of his bilateral inguinal hernias. Features of Larsen syndrome present were bilateral club-feet, dislocated left knee, bilaterally unstable hips and a prominent large head with classical facial features. His chest and rib cage were disproportionately small and he had the characteristic long fingers ( Figure 1 ).
The boy had been born at 36 weeks by caesarean section, weight 2.5 kg. Apgar scores at birth were 8 (1 min) and 10 (5 min). He had remained in hospital for four months post-delivery for social reasons. In addition to the classic features of Larsen syndrome, he had cerebral atrophy on MRI scan and abnormal vasculature in the right eye. An older sibling, born at 33 weeks, had died after one month from similar congenital abnormalities and hypoplastic lungs.
On this admission the boy weighed 7.6 kg and was thriving. He had not had a previous anaesthetic. Full blood count, renal function and chest X-ray were normal. No premedication was prescribed.
He was induced with sevoflurane using a T-piece circuit. Standard anaesthetic monitoring was used. Intravenous access was difficult. Manual ventilation of the lungs with a facemask and oral airway was possible and intravenous fentanyl 10 µg and atracurium 4 mg was given. Two minutes later intubation was performed with a straight blade paediatric laryngoscope and size 4.0 mm uncuffed PVC orotracheal tube. This proved unexpectedly difficult as the laryngoscopic view was Cormack and Lehane grade 3 12 . The epiglottis was difficult to visualize. Positioning the child's torso on a pillow, hyperextension of the cervical spine, manual posterior depression of the cricoid and use of a stylet to locate the laryngeal opening were required before the tube could be passed into the trachea. The tube was secured with tape and a throat pack. A nasogastric tube was used to empty gas from the stomach.
General anaesthesia was maintained with nitrous oxide and isoflurane 0.5 to 1.0% in 30 to 40% oxygen with the child's lungs mechanically ventilated at 16 to 20 breaths per minute using airway pressures of 21/0 cmH 2 O. A further increment of atracurium 2 mg was given after one hour. Oxygen saturation was maintained mostly above 97%, though a number of episodes of oxygen desaturation occurred that responded to increased ventilation and increasing the FiO 2 to 100% oxygen. These episodes seemed to be related to the pneumoperitoneum limiting ventilation. Blood pressure was maintained between 110/60 and 130/85 mmHg and heart rate between 130 and 165 beats per minute. Intra-abdominal pressures were maintained between 10 and 12 mmHg and endtidal CO 2 tensions between 33 and 43 mmHg. The two large bilateral inguinal hernias were repaired via a transperitoneal approach. The procedure lasted 2 hours and 15 minutes. The child received a total of 110 ml of dextrose saline solution. Muscle relaxation was reversed with neostigmine 0.5 mg and atropine 0.24 mg. The port sites were infiltrated with bupivacaine 0.25% and a paracetamol suppository 120 mg was given for postoperative pain relief. The child quickly regained consciousness at the end of procedure and was extubated without difficulty. He spent 70 minutes in the recovery room before being discharged to the ward. He made an uneventful recovery and was discharged home after three days.
DISCUSSION
Anaesthesia and laparoscopic surgery were well tolerated by this child with Larsen syndrome. The main anaesthetic difficulties we encountered were related to the airway, poor venous access, accommodating his abnormally large head and episodes of oxygen desaturation. There was also the potential risk of causing spinal cord damage, particularly as the neck was extended during attempts at intubation, and airway difficulties secondary to the laryngotracheomalacia 7, 11 .
Larsen syndrome has a very heterogeneous presentation with varying degrees of disability. This appears to arise from the existence of both dominant and recessive genetic forms 3, 4, 13 . Patients with more severe forms of the syndrome may require frequent corrective surgery, but others may have relatively minimal impairment. Larsen syndrome can be associated with a number of potential anaesthetic problems. These are not well covered by the main anaesthetic texts and we found only one short reference warning of "difficult intubation and pulmonary infections" 14 . In Larsen's original series one patient died shortly after anaesthesia from "respiratory anaesthetic complications" 1 plications" 4 . The details of these events were not published.
Stevenson et al refer to a 4-month-old girl with Larsen syndrome who, like our case, was easy to ventilate with a mask but proved extremely difficult to intubate due to a short neck and anterior larynx 11 . This was the only previous report of difficulty with intubation. Our case experienced no post-intubation sequalae. Tobias refers to two cases of airway compromise and respiratory failure secondary to laryngotracheomalacia that required intensive care treatment 7 . Respiratory complications arising from laryngotracheomalacia have also been reported in the non-anaesthetic literature [4] [5] [6] .
A significant anaesthetic complication is cervical spine instability and narrowing. This was not recognized preoperatively in our case. Stevenson et al reported two cases with hypoplastic vertebral bodies and cervical canal narrowing at the C5-C6 level 11 . Both these cases were easy to intubate without sequelae. Tobias reported a case that required a posterior cervical fusion for C6-C7 level cord compression 7 . Michel and co-workers refer to a 36-year-old parturient who had posterior cervical joint space narrowing, though her caesarean section was eventually performed under epidural anaestheia 10 . Johnston et al reported four cases with cervical kyphosis, a potential cause of spinal cord compression 15 . These four cases all required corrective surgery before two years of age. These reports show that variable cervical spine instability and narrowing is common in this syndrome and thus prior to anaesthesia the cervical spine should be radiologically assessed. If cervical instability is present, intubation should be performed in the neutral position with the head and neck stabilized. This may require a fibreoptic technique.
Our patient became hypoxic relatively easily, suggesting a limited respiratory reserve. The respiratory effects of the pneumoperitoneum for laparoscopy would be expected to compound the problems produced by some degree of lung hypoplasia relating to the Larsen syndrome ( Figure 1 ). Lung hypoplasia was lethal in the sibling of this child. The pneumoperitoneum of laparoscopy moves the diaphragm cephalad, reducing the functional residual capacity and lung expansion. This may worsen ventilationperfusion matching and result in hypoxia. Children with Larsen syndrome are reported to have hypermobility of the rib cage in the costochondrial area, which may also lead to rib cage deformities, as seen in our case (Figure 1) . The associated laryngotracheomalacia may further contribute to respiratory problems.
Larsen syndrome may also be associated with a number of other congenital abnormalities. Cardiac defects are common and may be congenital, such as atrial and ventricular septal defects, or acquired, such as aortic root dilatation with regurgitation and cardiomyopathy. The latter arises from connective tissue involvement 8, 9 . Reports of significant aortic involvement have been reported in children with the syndrome as young as two years of age 16 . Other reported associated abnormalities include hydrocephalus, hearing loss, mental retardation, palate defects and thoracic spine defects 9, 11, 17, 18 .
Larsen syndrome is a rare condition that has been poorly described in the anaesthetic literature. Anaesthesia can be hazardous. The syndrome has a number of unusual features that need particular attention, which include cervical spine instability and narrowing, laryngotracheomalacia causing respiratory complications. Difficulty with intubation should be anticipated and postoperative respiratory problems may further complicate management.
